. Plants in LNT showed increased flower stalk length, ovary diameter, stamen length, flower weight, and fruit length. LNT conditions did not impair seed set. There were no differences in seed sets between fruits at LNT and ONT. Normal seed sets in LNT show that fertilization may be completed during daytime. However, further investigation is needed to find what extent of temperature stress causes malformed and/or parthenocarpic fruits in this bell pepper.
. Plants in LNT showed increased flower stalk length, ovary diameter, stamen length, flower weight, and fruit length. LNT conditions did not impair seed set. There were no differences in seed sets between fruits at LNT and ONT. Normal seed sets in LNT show that fertilization may be completed during daytime. However, further investigation is needed to find what extent of temperature stress causes malformed and/or parthenocarpic fruits in this bell pepper.
Introduction
Paprika (Capsicum annuum L.) cultivation area in Korea has been increased as one of the profitable crops since first introduction from The Netherlands in 1996. Almost paprika fruits produced in Korea are exported to Japan and take 70% of Japanese paprika market. Japanese consumers prefer good shaped and middle sized fruits but malformed Korean paprika fruits in the Japanese market lose consumers preference resulting in decrease in the growers' income.
Temperature has a considerable effect on flower morphology and function, development of pollen, which in turn can impinge on fruit set and seed development [6, 14] . Bell pepper is grown in two different types in Korea as highland cultivation from March to November and lowland cultivation from September to July. This implies the low temperature condition during May have triggered the increase in malformed fruits in the highland cultivation compared with the lowland cultivation.
Low temperature causes reduction in both the number pollen grain and the pollen viability [11] . Larger flowers, more swollen ovaries, and shorter styles were observed under lower temperature [10] . Non-extreme temperature con- 
Pollen viability
Germinating medium for pollen grains was made with a slight modification of Pressman's methods [11] . 
Flowers and fruits characteristic
The effect of the temperature regime on morphology of flowers and fruits were recorded. Flower stalk length, flower diameter, ovary diameter, flower weight, number of petal, number of stamen, stamen length, anther length, and style length were measured for flower characteristic when flowers were fully opened. Fruit stalk diameter, fruit diameter, fruit length, fruit weight, and calyx diameter were measured for fruit characteristic with 14-day-fruits after fruit set. Thirty flowers and 30 fruits were used for this experiment.
Results and Discussion
Pollen grains from flowers in growth chambers were incubated for 24 hr at 10, 15, 20, 25, and 30 o C. Percent pollen germination was higher in ONT than LNT, regardless of incubation temperature (Fig. 1) . In both ONT and LNT, the highest percent pollen germinations were observed at Johnson [4] found that prolonged temperature stress during growth of Maize completely inhibited pollen germination in vitro. In this experiment, when plants were grown at LNT and ONT condition during pollen development, percent pollen germination in vitro was much lower at LNT than at ONT. For instance, percent pollen germination in vitro at 25 o C was twice higher in ONT with 42%, compared with that in LNT with 21%. Pepper pollen was sensitive to low temperature stress. Both ONT and LNT pollen grains in vitro did not germinate at 10 o C and only 10% germination was observed after 24-hr incubation at 15 o C (Fig. 1) . Pollen grains may be impaired their functioning and completely lose their viability below 10 o C. Pollen tube lengths were much longer in ONT than LNT, regardless of incubation temperatures (Fig. 2) . In both ONT and LNT, earlier and quicker pollen tube growth was shown at higher incubation temperature. Pollen tube growth speed was quicker in pollen grains from ONT than from LNT throughout all incubation temperatures. Pollen tube growth at optimum temperature appeared to reach about more than in the mature pollen grains by low temperature. Carbohydrates are the most important nutrient for pollen development [8] and a deficiency in carbohydrates in tomato showed abnormal pollen development [3] . Pollen uses sugars during germination as principal metabolic substances [15] and starch and sugar accumulations in pollen grains were decreased under LNT condition [14] .
Pollen There were no differences in flower diameter and petal number between ONT and LNT (Table 1) . Flower stalk length, ovary diameter, flower weight and stamen length were higher in LNT than in ONT, whereas number of stamen and style length was lower in LNT than in ONT. Polwick and Sawhney [10] observed that low temperature condition caused larger ovary in diameter and longer style in length, while we found that style length was shorter in LNT than in ONT. As Myster and Moe [7] found greater day/night temperature differentials contributed to increased stem elongation, we observed flower stalk and stamen length were more increased in LNT than in ONT.
Fruits stalk diameter was a little bigger in ONT than in LNT and longer fruit length was observed in LNT (Table  2 ). There were no differences in fruit characteristics between treatments.
LNT (24 o C day/10 o C night) condition decreased pollen functioning in pepper by decreasing the concentration of soluble sugar in mature pollen grains and resulted in smaller, seedless, and misshapen fruits [14] . Interestingly, these authors found that cv. Devilla had normal seed set and fruits under LNT condition. We also found that fruits of both ONT and LNT plants (cv. Plenty) grown in the chamber had normal seed set and there were no differences in number of seed between treatments (Table 2 and (Fig. 3) . These results imply that fertilization in vivo may be completed in a few hrs after pollen tube formation on a stigma under optimum temperature. In the field condition, pollen tube elongated to beneath the junction of the bract within 7 hr after pollination [5] . In maize, pollen tubes elongated a style very quickly by tip extension within the intercellular matrix and pollen tubes grew about 1 cm/hr [2] .
Another possible explanation for no differences in seed set between ONT and LNT fruits in the present study is that day and night temperatures do not influence bell pepper seed set independently. It was reported that plants are sensitive to mean temperature and/or accumulated diurnal heat units [9] . There may be a threshold of mean temperature and/or accumulated diurnal heat units to hinder pollination of pepper in the present study. 
